6est Available Copy 

WO9308823 

Publication Title: 

GUANIDINYL AND RELATED CELL ADHESION MODULATION COMPOUNDS 
Abstract: 

Abstract of WO9308823 

Guanidinyl-containing compounds, and related compounds and salts, useful as 
cell receptor antagonists for modulating cell adhesion via integrin receptors 
and/or fibronectin receptors, are disclosed. Methods for synthesizing, testing, 
formulating, and using the compounds as therapeutic agents are also disclosed. 
Data supplied from the esp@cenet database - Worldwide 

Courtesy of http://v3.espacenet.com 



This Patent PDF Generated by Patent Fetctier(TM), a service of Stroke of Color, Inc, 



per 



WORLD INTELLECTUAL PRO PERTV ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCX) 



(51) Inteinational Patent Qassification ^ 

A61K 37/02, C»7K 5/00, 5/06 
a)7K5/08 



Al 



(ll)InteroatiDnal PublicatioD Namber: 
(43) International Publication Date: 



WO 93/08823 

13 May 1993(13.05.93) 



(21) lDteniational Application Number: PCT/US91/06469 

(22) InternatioBal Filing Date : 6 November ] 99 1 (06. 1 L9 1 ) 

(71) AppDcant: TANABE SEIYAKU CO., LTD. [JP/JP]; 2-10, 
Dosho-machi 3-chome, Chuo-ku, Osaka 541 (JP). 

(71X72) Applicant and Inventor: McKENZIE, Thomas. C. (US/ 
US]; 2504 Ocean Cove Drive, Cardiff. CA 92007 (US). 

(74) Agent: YAMASAKI, Kazuyuki; Spensley Horn Jubas & 
Lubitz, 1880 Centuiy Park East, Suite 500, Los Angeles, 
CA 90067 (US). 



(81) Designated States: CA, JP, European patent (AT, BE, CH, 
DE, DK, ES, FR, GB, GR. IT. LU. NL, SE). 



Published 

With imemational search report. 



(54) Title: GUANIDINYL AND RELATED CELL ADHESION MODULATION COMPOUNDS 



(57) Abstract 

Guanidinyl-containing compounds, and related compounds and salts, useful as cell receptor antagonists for modulating 
cell adhesion via integrin receptors and/or fibronectin receptors, are disclosed. Methods for synthesizing, testing, formulating, 
and using the compounds as therapeutic agents are also disclosed. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on tiie front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Atatria 


PR 


AU 


Australia 


GA 


BB 


barfoatlus 


GB 


BE 


BdgluRi 


GN 


BP 


BurLtna Faso 


GR 


6G 


Bulgaria 


HU 


BJ 


Benin 


IE 


BR 


Brazil 


IT 


CA 


OinaJa 


JP 


CF 


Cjuntrat Arrican Rqiublic 


KP 


CG 


CVmgp 




CH 


Switnrrlantl 


KR 


CI 


C*otc dMvotrc 


KZ 


CM 


Canicruun 


LI 


CS 


C.VcchiXklovaL'u 


LK 


02 


( Vccli Republic 


LU 


DE 


(iurman) 


MC 


DK 


OuiimarL 


MC 


ES 


Spain 


MI. 


PI 


Finlaiiti 


MN 



France 
Gabon 

United Kingdom 

Guinea 

Greece 

Hungary 

Ireland 

lluly 

Japan 

Democralic Peopled Republic 
or Korea 

Republic of Korea 

Kn/^iLh^tan 

Ijixhlenslcin 

Sri l^inLa 

I.uicmbourg 

Muitjco 

Madaga>car 

Mali 

Mongolia 



MR 


Mjurilnnia 


MW 


Malawi 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Runianb 


RU 


Ru£iian Federation 


SD 


Sudan 


SE 


SweUirii 


5K 


Slovak Republic 


SN 


Senegal 


SU 


Soviet Union 


TD 


Criiad 


TC 


Togo 


UA 


Ukraine 


US 


United States oT America 


VN 


ViciNam 



wo 93/08823 



PCr/US91/06469 



-1 



GUANIDINYL AND RELATED CFl L AD ^gSION 
MODULATION COMPOUNDS 

BACKGROUND OF THE INVENTION 

1. Reld of the Inventton 

The present invention reiates to novel guanidinyl and related compounds which are 
characterized by cell adhesion modulation activity. The compounds have 
application to the study and treatment of disease conditions mediated by cell 
adhesion. Specifically, the compounds have application to the study, diagnosis, 
treatment or prevention of diseases and conditions such as, for example, 
cardiovascular disease, harmful platelet aggregation, neoplastic disease including 
metastasis of neoplastic growth, wound healing, inflammation and autoimmune 
disease or other diseases or conditions involving cell adhesion. 
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2. Related Art 

The extracenular matrix is that material which surrounds the musde and is the 
maior component of connective tissue of afl mammaJs. The extracellular matrix 
provides for stmctural integrity, and promotes cell migration and cellular 
5 differentiation. As part of these functions, the exIraceHular matrix has been shown 

to support adhesion for various types of cells /ii viiro. Molecules such as the 
collagen, fibronectin. vitronectin, laminin. von WiOebrand factor, thrombospondin, 
bone sialoprolein. fibrinogen, and tenadn have been found to possess this 
property of mediating cell adhesion. 

10 The above cell-adhesive molecules have beenfound to exhibit a stmctural similarity 

in their respective binding sites, each of which contains the amino acid sequence 
arginine^lycine^partic add. or RGD using conventional single letter 
nomenclature. The cell-binding site in fibronectin has been reproduced 
synthetically, in turn, the cellular receptor site for fibronectin has been identified 

15 for various cells. In addition, cellular receptors that recognize RGD-containing 

sequences in other extracellular matrix proteins (e.g.. the vitronectin receptor) have 
iseen identified. 

Such cellular receptors, responsive to RGI>containing proteinaceous compounds, 
have been characterized. The complete, primary stmcture of the fibronectin 
20 receptor has been deduced from cDNA and physical properties have been 

detemiined. Argraves. & al.. J.Biol. Chem., 1986. 261. 12922; Argraves et a/.. 
J.fl/0/. C/je/n.. 1987. 105. 1183. The protein exists at the cell surface as a 
heterodimeric complex (although the larger polypeptide is enzymatically processed) 

having both polypeptide chains inserted into the membrane. Each chain extends 
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3040 residues into the cytoplasmic space, and at least one of the cytopJasmic 
peptides appears to interact with the cytoskeleton. Horv^ et al.. Nature, 1986, 
320, 531 . The larger of the two polypeptides, the a subunit, contains a numt)er of 
regions that are structurally similar to calmodulin and that apparently mediate the 
5 binding of calcium to the receptor. The presence of such divalent cations is 

required for the receptor to bind ligand. The p subunit is somewhat smaller and 
conformationally compact due to numerous intrachain disulfide bonds. The 
cytoplasmic domain of the fi subunit contains a potentiaJly phosphoryiated 
tyrosine. Hirst ef a/., PNAS4JSA, 1986, 83, 6470; Tamkun et al., Cell, 1986, 46, 
10 271-282. 

Other RGD-directed receptors, as well as other "orphan" receptors the iigand for 
which is unknown, have also been characterized. This putative RGD commonality 
of the ligand matrix proteins has revealed a superfamily of cell surface receptor 
proteins that share a high degree of structural similarity and probably also 

15 functional similarity. The members of this superfamily of cell surface proteins 

collectively are known as the integrins. The integrins can be grouped on the basis 
of the identity of their p subunit The fi subunit, as disclosed above for the 
fibronectin receptor, is compact due to a high degree of cross-finking. The first 
group of integrins includes the very late activation antigen (VLA) proteins, which 

20 themselves include the fibronectin receptor (VLA-5), the collagen receptor (VLA-2), 

and the lamtnin receptor. The second group includes the lymphocyte associated 
antigen-l (LFA-I), macrophage antigen-l (MAG-I), and p1S0,95. The third group 
includes the vitronectin receptor, and platelet glycoprotein gpllb/llia. Hynes, Cell, 
1987, 48, 549; Hemler, Immunol. Today, 1988, 9, 109; Springer ef a/., Annu. /?ev. 

25 Immunol., 1987, 5, 223; Wshimoto ef a/.. Leukocyte Adhesion Molecules, TA 
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Springer. D.C. Anderson. A.S. Rosenthal, and R. Rothtein, Ed.. Springer-Verlag: 
New York; 1989, pp. 7-43. 

The RGMirected receptor present on platelets that binds fibronectin. vitronectin, 
fibrinogen, and von Wfllebrand iactor has also been purified. This receptor is the 

5 gpllb/llla protein complex. This receptor Is thus not specific to one extracelMar 

matrix protein, as are the above fibronectin and vitronectin receptors. It has been 
proposed that the lack of specificity is correlated to the lack of confomwlional 
specificity in the ligands. Other woric has suggested that specificity can be 
achieved with relatively short confbnnationally restricted synthetic peptides 

10 containing tiie RGD sequence. For a literature summary, see: Pierschbacher et 

a/.. Nature, 1984, 309, 30 (1984); Pierschbacher ef a/., PNAS4JSA. 1984, 81, 5985; 
Ruoslahti etal.. Cell, 1986. 44. 517; Pierschbacher era/., Scfence. 1987, 238, 491; 
Pierschbacher eta/. J.BioLChem.. 1987. 262. 17294; Hynes, Cell, 1987. 48. 549; 
Ruoslahti, Ann. flev. Biochem.. 1988. 57. 375. It has also been proposed thatthe 

15 receptor affinity for its peptide ligand may be altered as ttie stereoconfonnation. 

or three^imensional shape, of ttie peptide Is restricted, typically by cydization. 
Pierschbacher and Ruoslahti. PCT International PubUcation WO 89/05150 (1989). 

A Hmlled number of compounds containing sequences of natural amino adds or 
derivatives ottier than RGD may also possess the capabiWy for affecting cell 
20 adhesion. These non-RGD-containing peptides are not wett characterized. See. 

Graf. J. ef a/.. Cell, 1987. 48, 989; Woezewiak, M. et al., Biochemistiy. 1984. 23. 
1767-1774; Wayner. EA. et a/.. J. Cell. Biol.. 1989. 109. 1321. 



U.S. Patent No. 4.879.31 3 to Tjoeng. et al. reports the utility as platelet aggregation 
inhibitors of certein peptide mimetic compounds containing, in addition to a 
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guanidinyl group at one terminus and an internal aspartic add residue, an aromatic 
structure (phenyl, biphenyl, naphthyl, pyridyi or thienyl groups, and certain 
methoxy-substituted forms thereof) at another defined position in the compound. 
Related structures containing an internal glycine residue are reported in Patent 
No. 4,857,508 to Adams, et ai. 

Ail publications, patents and other reference materials to which reference is made 
in the present specification are incorporated herein by reference. 



SUMMARY OF T HE INVEhmON 



The present Invention relates to compounds having acthrity as cell adhesion 
modulators. The compounds are characterized by the presence of a guanidlnyl 
or related group (e.g., substituted guanidlnyl. urea or thiourea group) linked 
through a hydrocarbon moiety, and optionally also through an amino add residue, 
to acarboxyl-or carboxyWerivalivMontalnlng portion comprising an asparflcadd- 
related residue and, optionally, an additional amino add residue or analog thereof. 
The carboxyl or carboxyl^Jerivalive portion of the compounds may have either a 
nomiai- or a reverse-orientation peptide bond stnicture, and (espedaBy In the latter 
case) may contain one or more D-enantiomer residues. 

The compounds, in one aspect, suffidently mimic extraceUular matrix Hgands or 
other cell adhesion ligands so as to bind to cell surface receptors. Such receptors 
indude integrin receptors in general, induding the fibronectin, collagen, lamlnin, 
LFA-1, MAC-1, p150,95, vitronectin and gpllb/llla receptors. The novel compounds 
have been found to modulate cell adhesion by competing, for example, with RGD- 
containing ligands and by binding to RGMireded receptors on cell surfaces. 
Such ceU adhesion ligands, induding (but not limited to) fibronectin, are sufficiently 
inhibited from binding to the ceB's receptor as to prevent or reduce ceil adhesion. 
Other uses indude enhancing cell adhesion by using the compounds to attach 
cells to a surface, or by other promotion of cell adhesion. The useful compounds 
herein described function as cdl-adhesion modulators. 

One object of the present invention is to provide novel compounds which act to 
modulate cell adhesion. 
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Another object of the present invention is to provide novel guanidinyl and related 
compounds which are capable of binding with a cellular receptor. 

Another object of the present invention is to provide novel guanidinyl and related 
compounds which contain one or more "reverse" amino acid residues and which 
are capable of binding to a cellular receptor. 

Another object of the present invention is to provide a novel method for 
modulating cell adhesion using novel compounds. 

Another object of the present invention is to provide novel compounds, 
fonnulations, and methods which may be used in the study, diagnosis, treatment 
or prevention of diseases and conditions which relate to cell adhesion, including 
but not limited to rheumatoid arthritis, asthma, allergies, adult respiratory distress 
syndrome (ARDS), cardiovascular disease, thrombosis or harmful platelet 
aggregation, reocclusion following ^thrombolysis, neoplastic disease including 
metastasis of neoplastic growth, wound healing. Type I diat)etes, inflammatory 
conditions including ophthalmic inflammatory conditions and inflammatory bowel 
disease (e.g, ulcerative colttis and regional enteritis), and autoimmune diseases. 

Another object is to provide derivative compounds, such as, but not limited to, 
antibodies and anti-idiotype antibodies to the compounds disclosed and claimed 
in order to study, diagnose, treat or prevent diseases and conditions which relate 
to cell adhesion, including but not limited to rheumatoid arthritis, asthma, allergies, 
adult respiratory distress syndrome (ARDS), cardiovascular disease, thrombosis or 
harmful platelet aggregation, reocclusion following thrombolysis, neoplastic disease 
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Indudlng metastasis of neoplastic growth, wound heafing, Typo I diabetesi 
inflammatory conditions and autoimmune diseases. 
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BRIEF DESCrarnON OF THE DRAWING 

The accompanying figure (FIGURE 1) is a graphical representation showing cell 
adhesion inhibition by a representative guanidinyl compound of the invention. 
8^uanidinyk)ctanoyHaphenylinethyO-aspartyK(>phenytmethyOserine phenyimethyi 
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nPTAILED DESnRIPTlQN OF THP ^^l^/g^f^ON 

The compounds of the present Invention are those having the property of 
modulating cell adhesion. 

WMie cell adhesion is required fbr certain nornial physiological functions, situations 
5 exist In wrtilch cell adhesion Is undesirable, or In wWch modulated ceB adhesion 

Is desirable. 

Altered leukocyte^ndotheHai mteractions are impncated In adult respiratory distress 
syndrome (ARDS). Here, the attachment of inappropriate cells to the lung fining 
Induces an inflammatory response. This results in lung injury. ARDS and in some 

10 cases, asthma. Preliminary in vitro results show that such detrimental attachment, 

in which the leukocyte adheres to endotheDal ceils or the lung extracellular matrix. 
Is mediated by RGD-containing protein and RGD-recognizing receptors on the 
leukocytes. In this situation, peptides or other compounds with a binding affinity 
to RGD receptors are desirable as competitive antagonists and should be useful 

15 In treating ARDS and asthma. Such compounds are disclosed herein. 

Cell adheston also contributes to metastasis of cancerous tumors. Metastasis has 
been called "the major underiying cause of death from cancer." Welch, et al., 
Intern, J. Cancer, 1989. 43. 449. An RGD-containing peptide which wwuld prevent 
ceH adhesion to basement membrane components may be useful to prevent or 
20 eHminate metastasis. See. Humphries. M.J. et a/.. Science, 1986. 233. 467; Uotta. 

LA., Cancer Res.. 1986. 46. 1 ; Roose. E. Biochem. BSophj/s. Acta., 1986, 738. 263. 
A peptide or other compound with suitable affinity for RQD receptors, such as 
disclosed herein, should likewise have anti-metastasis utPity. 
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Harmful blood dotting is also caused by inappropriate cell adhesion, particularly 
cell adhesion to the extracellular matrix. The attachment, spreading and 
aggregation of platelets on extracellular matrices are central events in thrombus 
formation. These events can be regulated by the family of platelet adhesive 
glycoproteins, fibrinogen, fibronectin, and von Willebrand factor. Rbrinogen 
functions as a cefaclor for platelet aggregation, while fibronectin supports platelet 
attachment and spreading reactions. Von Willebrand factor is important in platelet 
attachment to and spreading on subendotiieiial matrices. Plow et al., PNASAJSA, 
1985, 82, 8057. A peptide or other compound, such as these herein, which would 
function as an antagonist and bind to cell receptors which recognize the matrix 
glycoprotein RGD site would be beneficial as a thrombolytic. 

Ottier physiological conditions may be treated by stimulatory modulation of cell 
adhesion. Wound healing, for example, is undesirably prolonged when insufficient 
cell adhesion occurs. A peptide or other compound with suitable affinity for RGD 
receptors, attached for example to a suitably positioned matrix or surface, may be 
able to promote beneficial cell adhesion and resultant wound healing by binding 
cells with the appropriate RGD-recognizing receptor. Also, in prosthetic 
implantationp such peptides or other compounds coating the prosthesis would 
provide a means for covering the prosthesis with a surface of cells. This cell 
surface would provide a surface compatible with the organism, and thus minimize 
rejection that might otherwise occur due to stimulation of the immune system by 
the prosthesis itself. The compounds of the present invention are believed to be 
useful in tills cell adhesion modulation application as well. 
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The cell adhesion modulation compounds of the present invention are represented 
in part herein by amino add residues wherein the individual ammo adds are 
represented by their standard three^etter abbreviations as follows: 



10 



15 



20 



25 



Three-letter 

Amino Add SV^' 



Alanine 
Arginine 



Glutamine 



Htstidine 
Isoleudne 
Leudne 
Lysine 



ProBne 



Ala 
Arg 



Asparagine 
Aspartic add 
Cysteine 



Gin 



Glutamic add ®" 
Glydne ^ 



His 
lie 
Leu 

Lys 



Methionine 
Phenylalanine 



Pro 



Serine 
Threonine 

Tryptophan ^'P 

Tyrosine 

Valine 



Where abbreviations such as the foregoing are used herein without an indication 
of enantiomeric stnicture, either the L- or D^nantiomers may suitably be utilized, 
30 although the L-enantiomer is preferred for amino adds having the nonnal 

(non-reversed) peptide bond orientation, and the D-enantiomer is preferred for 
amino adds having a reversed orientation (see discussion below). 
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AddWonai abbreviations used herein include: 





^Alanine (3-aminopropionic acid) 


BOC 


tert-butyloxycarbonyl 


Cbz 


Benzyloxycarbonyl 


DCC 


Dicyciohexylcarbodiimide 


DOHA 


Dicyclohexylamine 


DIEA 


Dilsopropylethylamine 


DMF 


Dimethylformamide 


FMOC 


Ruorenylmethyloxycarbonyl 


IPr 


Isopropyl 


NIe 


Norleudne 


NMM 


N-methylmorpholine 


Sar 


Sarcosine 


THF 


Tetrahydrofuran 



15 The first group of compounds of this invention are of the formuia: 

0=CR^ 



20 wherein 

X 
Y 



25 

Z 

30 



X 0 (CK). 

II II 1^" . 

- C - NH - Y - C - ( Z . ) NH - CH - C - (I) 

O 



is selected from NR, S and 0; 

is an unsubstrtuted or substituted, linear or branched linking 
moiety selected from saturated and unsaturated hydrocarbon 
groups containing from 1 to about 15 linking atoms, and 
optionally containing one or more heteroatoms and/or one 
or more cyclic structures; 

is optional and, where present, is selected from Gly (most 
preferably), and from Ala, Sar and ^Ala; 
and R^ are independently substituents selected from -OR 
(including hydroxyl). -NR^ (including -NHg and -NHR), 
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-NHNHg and -Sa and where one of and may 
addiOonaliy be selected from 



_Ser4^. .W, VaWl'. Alafl". Laufl'. »e^. 

I I . 

(OR*) (OFT) 

(CHj)„-OR* 

N,e4T» . NH-CH-CR' . NH - - OR* 

O 



and 



0 

II 



NH.(CH2)„-C-R» 



10 



wherein r' is a substituent selected from -OR Ondudlng hydroxyl), -NR2 

(Including -NHj and -NHR). -NHNHj and -SR. and 

R« is a substituent selected from groups of the ftxm -R and acyl groups 

-COR; 

n and (where present m are independently 1, 2 or 3; 
and wherein each R is individually a phamiaceutJcally suitable substituent 
group, preferably one selected from hydrogen, from linear and branched, 
unsubstiluted and substituted C,-Ce lower alkyls, Cg-Cj alkenyls, C2-C8 
alkynyls. Cg-C^ aryls. C^-C,, alkaryls. C^-C,, aralkyls and C^-C,^ 
cydoalkyls. from heteroatomic groups and. in the case of -NR2, from 
cydized groups fonning (in attachment with the nifrogen atom) a M 
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membered heterocyclic ring optionaliy containing oxygen, nitrogen or sulfur 
as a further ring heteroatom. 

The compounds of the invention further include pharmaceutically acceptable base- 
or acid-addition salts of the compositions of Fomiula I. The pharmaceutical 
compositions of the invention include such compounds (including salts thereof) 
fomiulated witii a pharmaceutically acceptable excipient 

It will be seen that the X substituent of the fonti RN=, as well as the substituents 
R\ pF and (where present) and , are in turn each independentty defined in 
tenns of a furtiier substituent R. Wrth respect to these latter substituents 
designated as R, hydrogen, as well as unsubstituted and substituted lower alkyi 
and single-ring aryl (including single-ring aralkyi and aiicaryl) hydrocarbon moieties, 
are most generally prefen^d. Methyl, etiiyl, isopropyl, fert-butyl and benzyl are 
examples of such prefen'ed hydrocarbon substituents, witti benzyl {-CH2(CqH5)) 
being a particularly preferred aralkyi substituent Homoatomic potycyciic structures 
such as naphthalene, decalin, anttiracene or phenanttirene may also be employed, 
although single-ring structures are presently preferred for cyclic substituents. Each 
R group in the compound may be independently selected, and need not be the 
same in each position in the compound. 

Where R in such cases is chosen to be a heterocyclic group, the cyclic structure 
may contain one or more heteroatoms selected from N, O and S, and may be 
mono- or polycydic. The cydic structure can be saturated, as in morpholinyl, 
thiomorphoilnyl, piperidlnyl, piperazinyl, pyn^oBdinyl, pyrazolidinyl, quinudldinyl, 
imtdazolidinyl, and other structures, or unsaturated or aromatic, as in imidazolyl, 
pyridyl, pyrazinyl, pyrimidinyl, pyrazolyl, pyrrolyl, pyn-olinyl, pyridazinyl. pyn'odiazotyl, 
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isothiazolyl, thienyl, thiazinyl, isoxazolyf. furazanyl and other structures. Polycycfic 
structures such as indolyl, quinofyl, quinazolinyl. phenoxazinyl, phenazinyl, 
phenothlaanyl, tjenzoiathlBnyl. phenanthroUnyl or others may be employed. 
Attachment of such cydic R groups with the remainder of the compound may 
5 occur through a carlKjn or (provided that a point of bonding is present on a 

hsteroatom) through a heteroatom within the heterocyclic group, or attachment 
may be achieved through, for example, an Intermediate alkylene moiety which finks 
the cyclic group with the remainder of the compound. Such cyclic R groups may 
also be substituted vnth pharaiaceutically suitable substituents as Is now 
10 discussed. 

Where one or more of the R groups in the compound Is itself additionally 
substituted, preferred substituents include hydroxyl. amino, lower (C^-Cj) alkoxyl 
and a««yl, and, in the case particularly of aromatic R groups, the fbregoing 
substituents as well as nitro and halogen (especially cWoro and bromo) moielies. 

15 Such substituents on R may be used, for example, to alter btoadivlty. solubility 

and/or biodistribution characteristics of the subject compounds. Where R includes 
an aryl group, substituents occurring on the meta and/or para positions (\.e.. 3'- 
and/or 4'-posilions) are most preferred. Preferred alkaryl fonns of R thus include 
(3'-methyOphenyl and (4'-methyl)phenyl groups. Multiply-substituted aryls, 

20 particularly where the substituent is small as in methyl or halo, are also useful. 

These preferred substituents on the R groups are also preferred for strodures of 
the invention described hereinafter. 

With regard particularly to the X-posiBon. the most preferred substituent is of the 
PN= wherein tiie heteroatom nitrogen is douWe^wnded to the adjacent 
25 carbon). The preferred R substituents in this position are as discussed above, with 



wo 93/08823 



PCr/US91/06469 



-17- 



hydrogen being most highly preferred (so as to yield an unsubstituted guanidinyl 
moiety). Lower allcyl and single-ring aryl (including single-ring aralkyJ and alkaryl) 
moieties are also preferred. Oxygen- and sulfur-containing analogs of guanidinyl 
moieties, wherein X= is 0= or S= (hereinafter refened to "guanidinyl analogs." 
5 specificaily of a urea or thiourea form), may also be employed. 

With regard particularly to the substituents R\ R^, R' and R^. those of the fonn 
-OR, with choices of R therein yielding hydroxyl substituents (i,e., R Is hydrogen), 
as well as those yielding unsubstituted and substituted lower alkoxy and single-ring 
aryloxy, and unsubstituted and singly-substituted lower aikylamino substituents, are 

10 preferred. As noted above, R may be the same or different in each position in R\ 

R?, r' and R*. Where such a substituent yields a structure of the form -OR other 
than hydroxyl (le., R is ottier ttian hydrogen), structures of the form -OCH3. 
-OCH2(CqH5) and -OiC^^ {ue., -R is -CH3. -CH2(C6H5) or -{C^H^ are especially 
preferred and are believed to protect tiie resultant compound from metabolism in 

15 the /n wvo environment, and may also tend to enhance the ability of the compound 

to interact witii receptor sites on cells or ottier stnjctures In the body, ttiereby 
increasing the activity of the compound. Likewise, where R\ R^ and/or R^ are of 
the forni -NRg, amidating substituents such as ttiose of the form -NH^, -NHCH3 and 
-NHCH2CH3 (i.e., each -R is hydrogen, or one -R is hydrogen and the other is -CH3 

20 or -CHgCHg). and amidatinq substituents wherein Vt\e nitrogen is itself substituted 

wBh one or two aromatic groups (i.e.. one or two R groups in -NRg is of an aryl, 
alkaryl or aralkyi fonn as defined above) are preferred. 

With respect to R\ R^, and R^, bulky esterifying groups, such as aromatic 
esterffying groups, of ttie forni -OR are particularly prefered, and ttie benzyloxy 
25 (-OCH2(CgH5)) group is particulariy preferred for each of R\ R^ and R^. Similarly, 
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wilh respect to R*. it Is especially preferred that R therein be an aromatic group, 
particularly benzyl or benzoyl As described above, substituents on such aromatic 
groups Including hydroxyl, amino, lower alkoxyl and alkyl substituents, and 
espedally etectron^mthdrawing substituents such as halogen and nilro groups, are 
5 useful fn one or more positions on the aromatic structure. Examples of preferred 

substituents (aromatic and othererise) in these positions include those wherein R 
is p-chlorobenzyl. benzyloxymethyl, trityl (triphenylmethyO. t-butyl, dnnamyl, other 
substituted benzyl or subslttuled methyl, alkyl, cydoallcyl, phenyldimethylsilyl, 
t-butyldimethylsiiyi and triisopropylsilyl. 

10 Where an amidating group of the structure -NRj is to be cycOc In. form, the 

N4norpholinyl heterocycflc stnicture is preferred. Where one or more R groups In 
such a stnjcture Includes an aromatic group, each may be further substituted in 
one or more positions as described above. Unsubstituted or substituted benzyl 
substituents are particularly preferred in such structures. 



15 



The substituent, or alternatively the R' substituent. may comprise, in addition 
to a portion containing a group of the fomi R as described above, an amino acid 
structure chosen from various amino add residues as well as analogs thereof. As 
an example of one such fonn of R^ (or R'). the structure -Val^ set forth above 
defines a carboxy^substituted fonn of the amino add vaOne. wherein the 
20 carboxyl-substftuent is as defined above. Where is diosen to be hydroxyl 

(as In -Val-OH). the resulting R* group ig the amino add valine. SImilariy. R' may 
be chosen to be an esterifying or amidatinq group (as in, e.g., -Val-OR, -Val-NHg 
or -ValNHR^, wherein R Is chosen as described above and is preferably a tower 
alkyl or single-ring aryl (e.g., benzyl or phenyl) group. Ukewlse, R^ (or R^) groups 
of the forni -Ala-R*. -Leu-R^. -lleR^. and -Thr-R* refer to the carboxyl- 



25 
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substituted amino acids alanine, leucine, isoieudne, norieudne, and threonine, 
wlierein may be hydroxy! or other substituent as described above. 



The groups 

Ser-R^ and Thr-R^ 

5 (OR^ (OR^ 

as used above with respect to (or R^) define carboxyl-substituted serine and 
threonine moieties having, additionally, a substituent R^ on the oxygen of the 
amino acid side chain. Serine^erived moieties are particularly preferred in this 
position. Where R* in the above fomiula is chosen to be hydrogen, and R^ is 
10 hydroxy!, a simple serine or threonine moiety results. 



The other fonns recited in Fonnula I above for R^ (or R') represent analogs of 
serine wherein the side chain and/or the carboxylate group of the amino add has 
been modified or tmncated. Serine is especially preferred as the R^ substituent, 
particulariy when substituted at R^ and/or R* (most preferably in both positions) 

15 with a bulky substituent for R therein. As noted above, it is espedally preferred 

in such structures that the substituent R^ on the side chain position be selected 
from bulky substituents induding. for example, benzyl, p-chlorobenzyl, 
benzyloxymethyl, trityl (triphenylmethyl), t-butyl. dnnamyl, other substituted benzyl, 
substituted methyl, alkyi, cydoalkyl. phenyldimethylsiiyl. t-butyidimethylsilyl and 

20 triisopropylsilyl groups, with the benzyl group (forming a side chain ether 

functionality) being especially preferred. Acyl substituents, including lower acyl 
substituents such as acetyl groups, are also useful. 
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As will be discussed In more detail below, the Onldng moiety Y Is preferably 
selected in conjunction with the other portions of the claimed compounds (most 
particularly the optional group Z, and the methylene moieties enumerated by the 
integer n) in a manner which provides suitable spacing between tine guanldinyl (or 
5 guanidlnyl-analog) group and the carbonyhcontaining group designated as -COR' . 

When the linking moiety Y is of a hydrocarbon chain fbmi, the preferred length of 
the linldng portion of the chain is from about 2 to about 5 methylene or ottier 
atomic residues (nonlnclusive of carbons or other groups appended as branches 
or substftuents to the linking portion of the alkyl chain). Simple alkylene chains of 
1 0 the form -(CH^r« whe^in r Is an integer of from 1 to about 8, and preferably 1 to 

about 5 where the optional Z group Is not present, are prefewed for tiie linking 
group Y- Such chains may be used to yield des^a-amlno fonns of arghlne and 
homologs thereof in ttie stwctures of tiie present compounds. 

As used herein, tiie linking portion" of Y refers to that portion of Y which 
1 5 effectuates the intramolecular spacing between tiie two residues of the compound 

adjacent to the Y group. i.e., ttie guanldinyl (or guanidlnyl-analog) residue bonded 
to tiie left of Y and ttie 
0 

_^.,z-,... 

20 residue bonded to tiie right of Y Thus, portions of Y which do not contribute to 

tills inter-resldue spacing wfthin tiie subject compounds, such as branch groups 

or substituents as in, for example. 

CH2-O-CH-CH2 

CH, 
I 

25 CH3 «— (ettiyl branch group) 
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or 



3H2"CH2*CH-CH2*CH2"^— 

OH ^(hydroxyl substituent) 



are not to be considered a part of the linking portion of Y. Accordingly, in tlie 
5 examples of Y depicted above, the Ifnidng portions affording spacing between the 

adjacent residues in the compound comprise, respectively, 4 linking atoms 
(-C-0-C-C-) and 5 linking atoms (-C-C-C-C-C-). As noted, the number of such 
linking atoms, and the resultant spacing distance provided by the linking moiety 
Y, may be modified in conjunction with other portions of the compound so as to 
10 provide desired intramolecular spacing as discussed hereinafter. 

Unsaturated linking moieties Y containing double and/or triple bonds will also 
preferably include from about 2 to about 5 carbon atoms in the linking portion of 
the chain, and may include from about 1 to about 3 double or triple bonds. As 
seen above, one or more heteroatoms such as O, S or N may be included as 
15 substituents within the stnicture of the linking moiety, as for example to fonn an 

ether, thioether or secondary or tertiary amino linking staicture. However, the 
compounds of the invention do not include those wherein Y is substituted with a 
primary amino group so as to form (in conjunction with the adjacent portions of 
the compound) an arginine (Arg) residue. 

20 Where the linking moiety Y includes a cycloalkyi or aryl portion within its stmcture, 

such a moiety may be of the forni 
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wherein is carbon or an 0. S or N heteroatom. and Is an optional subslltuent 
of the form discussed above with respect to substituents on R, especially hydroxyl. 
amino or lower (C, to alkoxyl or alkyi, or other phannaceutlcally suHabte 
substituents such as nitro or halogen (especially chloro or bromo) groups. The 
5 Integers p and q range Independently from 0 to about 5. preferably 0 to 3, and 

most pr^rably the sum of p and q Is Z As with the linear nnfdng groups Y 
described above, the choice of cyclic structures for Y (with or without appended 
(poly)methylene moleBes) may be made in conjunction with other structures in the 
compound so as to achieve a desired intramolecular spacing between the 
10 guanldlnyl residue and the remainder of the molecule. In this regard, the cyclic 

portion of each Y group depicted above contributes spacing equivalent to about 
3-4 straight-chain methylene units; other cyclic or alternative Unking structures may 
rikewise be evaluated to ascertain their contribution to Intramolecular spacing. 

The optional group Z. where present, provides a Unking function In addition to that 
15 of group Y and. therefore, may also be chosen In conjunction with the other 

stnjctures in the compound to afford a desired intramolecular spacing. It is most 
preferred that Z be absent, particularly where the linking moiety Y contains about 
5 or more linking atoms. Where present, a preferred Z group is the glycine residue 
(Gly). i.e.. 



20 



0 

11 

NH-CH2-G- 



whlch provides a linking portion comprising 3 finking atoms (-N-C-C-). Alanine 
(Ala), sarcosine (Sar) and ^-alanine {fi-Ma) are also preferred In this position, and 
these provide 3 (Ala and Sar) or 4 (/r-Ala) linking atoms in their stnictures. Each 
25 of these examples provides, as is preferred, an amino group at the left-hand 

terminus of Z and a cart)onyl group at the right-hand tenninus. thereby allowing 
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pepttde-like amide bonding to each adjacent portion of the compound. Where Z 
is absent in the compound, it is desirable to inaease the lengths of the linking 
portions of the Y group and/or the methylene moieties enumerated by n so as to 
maintain the desired intramolecular spacing. 

5 The portion of the present compounds having the structure 

0=CR^ 
(CH2)„ 

NH - CH - C 

II 
0 

10 corresponds to the aspartic add (Asp) amino acid residue and homologs and 

derivatives thereof. Where n is chosen to be 1 and is hydroxyl, a simple Asp 
regidue results. (Of course, at phystological pH, the carboxylic acid hydrogen in 
such a residue, and in homologs thereof, will be substantially ionized to the 
carboxylate form.) 

15 It is particularly preferred that in the ebowe structure be of the form -OR, where 

R is selected from hydrogen or, more preferably, from bulky substitutents Including 
benzyl, phenyl, and others described above with respect to R\ I^. ff^ and R^. 

It has been discovered in investigations relating to the invention that significant 
inhibition of ceil adhesion may be achieved In the present compounds by 
20 providing, in a.nonpeptide stmcture as is here described, a carbonyl-containing 

functional group (preferably a carboxyl or ester functional group) in appropriate 
proximity to a guanidinyl or guanidyl analog functional group. It is believed to be 
useful in this regard to maintain tiie intramolecular distance between such 
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carbonyk»ntanlng and guanidino groups within a fairly broad range that may be 
adjusted by using suitable choices of Onking moieties Y and Z. Thus, with respect 
to the Asp-analog residues depicted In the fomiula immediately above, such 
proximity may be modified by selecting varying numbers of methylene moieties as 
5 enumerated by the Integer n. Thus, where n Is 1 (as in a simple Asp residue), the 

number of rmldng atoms in the residue separating the carbonyl functional group 
from the remainder of the compound Cm the direction of the guanldinyl functional 
group) is, effectively, a These Dnidng atoms are of the strocture 

10 C 

N-C • • • 

(where the carbonyl-contalnlng functional group on flie -^ide chain" on the residue 
Is depicted In brackets). 

Similarly, with reference to Fomiula I, it is seen that the guanldinyl (or 
15 guanidinyl-analog) functional group, at the left-most position in the molecule is 

separated from the R^-atlached carbonyl group by a finldng stmcture that may be 
depicted as 

[guanldinyl-analog]-Y-C>(Z-)N-C-(C)„-[carbonyl-R'l 
The total number of linking atoms in tiie linking portion of tiiiS stmcture (L*°^ is 

20 equal to + + n + 3, where and \} are tine number of linking atoms (or 

their equivalent) In Y and Z. respectively, and n Is an integer as defined above. It 
is generally preferred that L** be In the range of from about 7 to about 20. and 
most preferably from about 9 to about 12. Those practicing ttie invention will, in 
view of ttie present disclosure, be able to choose suitable linking groups so as to 

25 attain a desired intramolecular spacing for ttie product compounds. 
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As noted above, particularly preferred compounds include those within Y and/or 
Z represent simple alkylene Dnldng groups, X is HNs and one or more of R\ 
and (if present) and are esterifying substituents. Among such prefenred 
compounds are 




wherein L***is. respectively, 10 (L^ « 3, = 3) and 11 (L^ = 7. Z absent). The 
latter compound is especially preferred. Also prefen'ed are compounds of the form 
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A second group of compounds of the inventon has the stnjcture 

0=CR* 
I 

X 0 (CHJ- 

H2N.C-NH-Y.(Z'-)C-CH-NRR' 

5 wherein X is selected from NR. S and O; 

Y is an unsul)stituted or substituted, linear or branched linlang 
moiety selected from saturated and unsaturated hydrocarbon 
groups containing from 1 to about 15 linldng atoms, and 
optionally containing one or more heteroatoms and/or one 

10 or more cyclic structures; 

is a substituent selected from -OR Oncluding hydroxyl). -NRj 
Onduding -NH2 and -NHR). -NHNHg and -SR; 
is is selected from -a acyl groups -COR, alkyloxycarbonyl 
groups of the form 

Its G-OR, 

15 jj 

0 

and from groups of the form 
O 





0 0 ? 

II H , II K , II « 6 

I I I 

CHjCHj (CHj) 2 CH-KSj ( CHj) 3CH3 



CBjCH; 



3 
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0 

il H 
-C-C 



-MRR* 



CH-OR' 

I 

C83 



(CHjJ.-OR*- 



-CH-MRR* 



and 



>{CHj), - OR* 



wherein and are substituents independently selected from groups of 
the form -R and acyl groups -COR, and R^ may additionally be selected 
from aikoxycarbonyl groups of the form 



-C-OR, 



II 
0 

Z' Is a suitable linking moiety, preferably selected from those of the fonn 

O R 
II I 

C-NR-(CH2)p-CI+(CH2) -NR . NR 



t' 0 r- 

.I.H<CII,),-/~V(CH,),I.H— . -C-IIH(CH,),-^/]^(CH,),l«H- 



0 » 

-»«»-C-<CM,)^-CM-(CM,),-itR— . 



0 

M 

MH-C*( CM 



0 

(CH,),HH— — WH-C-(CH,)^— < ' 



Y ' 
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wheretn 

comprises carbon or an 0, S or N heteroatom; 

Is an optional substituent selected from hydroxyl, amino, lower {C,-Cb) 
altoxyl and alkyi, nitre and halogen moieties; 
5 p and q are Independently Integers of from 0 to about 5; 

n and (whera present) m are Independently 1. 2 or 3; and wherein each R 
Is individually a pharmaceutlcally suitable substituent group, preferably one 
selected from hydrogen, from linear and branched, unsubstituted and 
subtstituted C^-Cb lower alkyls, C^-C^ alkenyls, C^-C^ alkynyls, Ce-C„ aiyls, 
10 Cj-Cu a««ayte. C^-C,^ aralkyls and C^-C,^ cydoalkyls. from heteroatomic 

groups and, in the case of -NRj. from cyclized groups fonning On 
attachment with the nifrogen atom) a M membered heterocyclic ring 
optionally containing oxygen, nitrogen or sulfur as a fuftiier ring 
heteroatom. 

15 As with ttie compounds of Formula I. the compounds of the invention further 

Include phannaceutically acceptable base or add-addition salts of ttie compounds 
of Formula II. The phamiaceutical compositions of tiie invention include such 
compounds and salts thereof fbnnulated witii a phamfiaceutically acceptable 
excipienL 



20 



25 



It wni be seen tiiat the compounds of Fonnula II are stnicturally simBar to those of 
Fonnula I except Insofar as the peptide bond orientation of the groups to ttie right 
of r has been reversed. Accordingly. Z Is most convenientiy selected to 
accommodate tiiis reverse orientation by providing an amino group suitable for 
bonding to the carbonyl group of tiie succeeding reverse-orientation Asp-analog. 
Ukewise. the substituents for correspond (except insofar as orientation) to ttiose 
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given above for in Formula I, and also allow for suitable substitution (in the fonn 
of at tlie amino tenntnus appearing in R^. 

It is preferred in Formula II that D-enantiomeric residues be utilized in the 
reversed-orientation residues, i.e.. in the Asp residue (to the right of T) and, if 
5 present, in any optically active site in R^. The other prefen'ed substituents and 

prefen^ed structures described above for Fomiula I are lil<ewise prefen'ed for the 
compounds of Fomiula 11. 

A particularly preferred R® substituent is that of the substituted or unsubstituted 
reverse form of serine, i.e., 

CH2-OR* 

O 

C-CH-NRR® 

preferably in the D-enantiomeric form. As with the analogous R^ substituent 
discussed above with respect to Fonmuia 1, bulky substituents (as described 
above) are prefen'ed for R^, and such bulky substituents are also prefen'ed in the 
position. 

The linking group T is preferably a lower diaminoalkane structure, e.g., of the form 
•NH(CH2)„-NH-, where m is (as defined) 1, 2 or 3. Ukewise, Y is preferably a 1 to 
8 carbon methylene chain as discussed above tor Formula 1. 

20 As with the analogous portions of Formula I, the Y and T moieties in Formula II 

are conveniently selected so as to maintain a desired intramolecular spacing in the 
compound between the guanidinyl (or guanidinyl-analog) group and the 
carbonyl-containing group designated as -CORV In this case, the total number of 



10 



15 
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HnWng atoms In the llnWng portion Of Formula a (L**) Is equal to 
2. where and are the number of linking atoms (or their equivalent) In Y and 
T. respectively, and n is the Integer as defined above. In Formula II. as with 
Fomiula I. it is generally preferred that L« be in the range of from about 7 to about 
20. and most preferably from about 9 to about 12. 

Particularly preferred stnjctures within the scope of Fonnula II Include: 



,M-e-MH-<CM,),-»«HJc-eH,-MM-€-CH-NH-C-CH-MM-CO,-CH,-<>^ 



H_ 

(0) (0) 



(O) CO) 



H,H-C-HM-(CH,)r-»»-C-€M-HM-C-CM-M»-CO,-CM,H(>j_^ 



CO) CO) 



The following e)camples are given to illustrate methods whereby the pregent 
compounds may be synthesized, fonnulated and tested, and are not intended to 
limit the scope of the present invention. 
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EXAMPLEI 

Synthesis of 8-guanldinyioctanoyl-(0-phenylmethyl)- 
aspartyHO-phenylmethyl) serine phenylmettiyl est«- 

The title compound was prepared by first dissolving 1.02 g (1.72 mmoie) 
5 of the starting ester 




in 4 ml of 4M HCI in ethyl acetate and allowing the solution to stand for 2 hours 
at room temperature. Alter 2 hours the volatiles were removed at reduced 
pressure and the residue dried with toluene. The residue was dissolved in 8 ml 
of pyridine, and then 0.38 g (1.84 mmole) of dfcyclohexylcartDodllmlde (DCC) and 

10 0.52 g (2.0 mmole) of the t-butyloxycarbonyl (BOC) protected acid 

BOC-NH-(CH2)7-C02H 
was added followed by addition of 0.21 g (2.0 mmole) of N-methyl morpholine. 
The next day the reaction mfacture was filtered and the residue evaporated at 
reduced pressure. The residue as taken up in ethyl acetate, washed with 5% citric 

15 acid, with 5% NaHCO^ dried and evaporated to give 1.16 g of red oil. 

Chromatography on a chromatatron with 80% ethyl acetate gave 0.72 g of white 
foam (55.4% yield). Crystallization from petroleum ether/ethyl acetate gave an 
analytical sample of the intermediate t-butyloxycarbonyt-8-aminooctanoyl- 
(O-phenylmethyl)-aspartyl- (0-phenylmethyl) serine phenylmethyl ester. Mp: 65-73; 
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IR (CHCy: 3342 (NH). 1740 (ester), 1686 (amide D. 1644 (urethane); ^JfNMR 
(CDCy: 7.16-7.40 (m. 16K aiomaHc + NH), 4.86^.94 (m, 1H. NCHCO). 4.68^.74 
(m. 1H. NCHCO). 2.16 (t. J»7.5. 2H. CHjCON). 1.44 (5. 9H. t-Ba); [o]«'=.1S.4-. 
Anal, caicd. for C^^O^i^O: C. 66.75; K 7.16: N. 5.43; found: C. 66.96; H. 
5 7.28: N. 5.83. 

A 0.1 5 g (.020 mmole) portion of the intermediate ester was dissolved in 5ml of 4M 
HCI In ethyl acetate. After two hours the volatiles were removed at reduced 
pressure. The residue was suspended In 2 ml of water. 59.3 mg (0.43 mmole) of 
potassium carbonate, and 35.4 mg (0.28 mmole) of aminolmino sulfonic acid was 
10 added. An immediate white precipitate fonned. The next day the reaction mixture 

v)»s filtered to give 021 g of the title compound In the fbnn of a gummy yellow 
golfd. The stnicture of the product (1) was 




An alternative synthesis of the title compound was perfonned as follows. A 0.59 
g (1.0 mmole) portion of the starting ester depicted above was dissolved in 5 ml 
15 of 4M HCI In ethyl acetate and allowed to stand overnight The next day the 

volatiles were removed at reduced pressure and the residue dried with toluene. 
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An 0^ g (1.1 mmold) portion of water soluble cartMXIIImlde was added to the 
residue. A solution of 0.20 g (0.99 mmole) of the guanidinyiated compound 

NH 

II 

H2N-C-NH-(CH2)7-C02H 
5 and 0.22 g (Z17 mmole) of N-methyimorpholine (NMM) In 6 mi of pyridine was 

then added to the residue. The next day the pyridine was removed at reduced 
pressure and the residue shaken with 25 ml of water. RItration gave 0.34 g af the 
title compound in the form of a gummy solid which was chromatographed on a 
2-inch long C-4 reverse phase column. Bution with 45 : 55 : 0.5 aoetonitrile : 
10 . water : acetic add gave 0.16 g (23% yield) of a white gum with a k*=0.66. 

^H-NMR (DI\4S0-<y: 75-7.34 (m. 10H, aromatic). 4.95-5.10 (m, 4H. Oryp^H^. 
4.64^.70 (m. 1H, NCHCO). 4.47-4.52 (m, 1H, NCHCO). 3.75 (d of d, J=9.9 & 4.1), 
3.58 (d of d. Js9.9 & 3.5), 2.97 (t, Ja6.8. 2H, CHg-guanidine). 202 (t. J 7.2. 2H, 
CHjCO).) 
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EXAMPLE2 
General procedure for peptide condensation 

As a general procedure for synthesis of the present compounds, condensations 
may be perfbnned in DMf wHh DCC as the condensing agent The amino add 

5 DOHA salts are neutralized by suspending them in 1M aqueous NaHS04 and 

repeatedly extracting with ethyl acetate. The combined extracts are dried over 
Na^SO^. filtered, and evaporated. The BOC protecting groups are removed when 
needed by dissolving the amine In ethyl acetate and adding three equivalents of 
HCI in the same solvent When the cleavage is complete, the volatiles are 

10 removed at reduced pressure and the residue dried by adding toluene and 

removing it aqain on the rotary evaporator. The hydrochloride salt Is neutralized 
in situ by adding NMM to the DMF reaction mixture. After the condensation Is 
complete the dicydohexylurea is removed by filtration and the volaffles removed 
at reduced pressure. Tlie peptide residue is tal<en up in ethyl acetate, washed 

15 with aqueous citric acid, washed with aqueous sodium bicarbonate, dried over 

anhydrous sodium sulfate, and evaporated at reduced pressure. 
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EXAMPLE3 



Synthesis of 



HjM-C-MH-CH2 



CI 



0 

II 

CHj-CHj-C-HH 




C0j-C(CHj)3 
COj-C(CH3)3 



(2) 



The depicted compound, 4-ureidomethyl-3-chloro-phenylpropionyl aspartic 
acid-di-t-butyl ester (2), is prepared via the intermediate products now described. 

5 4-Chloromethv(-3^hloroDhenvlDroDronic add methvt ester A mixture of 

3- chlorophenyipropionic add methyl ester and three equivalents of methanol in 
concentrated aqueous HCI is stirred rapidly as HCI gas is bubbled through the 
mixture. After all the propionic acid has reacted, the reaction mixture is cooled 
and the crude benzyl chloride collected. Recrystailization gives the desired 

10 intermediate compound free of the 2-chloromethyl isomer. 

4- Ureidomethvl>3-chlorophvnelpropionlc add-methvl ester (2) . A mixture of the 
above benzyl chloride and an equivalent of ferric chloride are stirred as cyanogen 
chloride is passed through the reaction mixture with careful exclusion of moisture. 
The resulting isocyanide dichlorideferric chloride complex is not isolated, but 

1 5 treated with anhydrous ammonia. An extractive workHjp with chloroform gives the 

desired urea. 



wo 93/08823 



PCr/US91/06469 



•36- 

4-Ureidomethvl-3-chlorophpnyl propionic acid. The methyl ester from above is 
saponified according to standard methods using one equivalent of fithium 
hydroxide in methanol. 

4JJreidQmethv|Arh«orophenv iproptofwl asoartioanid-di-t-butvi ester fg). Asolution 
of the above add and one equivalent each of DCC and the hydrochloride salt of 
di4-butyl aspartic acid (Bachem Biosciences) In DMF are stirred as one equivalent 
of NMIWI is added. "The next morning, the dicydohexyl urea is removed by filtration 
and the filtrate evaporated at reduced pressure. The residue is taken up with ethyl 
acetate, washed with sequenbal portions of aqueous citric add and aqueous 
sodiun bicarbonate, dried, and evaporated to give the desired product 
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EXAMPLE 4 



Synthesis of 



4 NHg 0 

II W 
H2N<>NH<:H2-€H2'0-Gly-<3Iu(gamma-OCH3)-THr-OCH3 

5 (clsi{iPr)3) 

.HSO3. 

(3) 

The depicted compound, ^-giianidinylpropionyl-glycyl-glutamyl(gamma-methyl 
ester)-threonine (0*triisopropyi siiyi ether) (3), is prepared according to the following 
10 steps. 

BOC-Qlutamvlfaamma-fnethvl ester^-threonine methvi ester . The BOC-protected 
dipeptide is prepared according to standard procedures by sequential 
solution-phase coupling of BOC-Giu(gamma-niethyi ester) and Thr methyl ester. 

BOCrQivcvl-QlutamvUQamma-methvl ester)-threonine methvi ester . This BOC- 
15 protected tripeptide is prepared from the foregoing deprotected compound by 

coupling BOOGly with DCC in DMF/NMM in the usual fashion. 

FMOC-fl>alanyl-qtvcvl-olutamvirQamma-methvl ester^-threonine methvi ester . The 
BOCrprotected tripeptide compound is deprotected according to the general 
procedure and coupled with FMOO^-Ala in DMF/NMM using DCC activation to 
20 yield the tetrapeptide. 



fl-GuanidinvlDroDionvi^Qlvcvl-QlutamvlfQam ma-methviesterVthreontneffl-triisopropv 
siM ethert (4) . Treatment of the above compound with triisopropyl silyl chloride 



wo 93/0^ 



PCr/US91/06469 



•38- 



and Imidazole In DMF gives the fuBy protected tetrapeptide. The protected 
tBtrapepUde above Is dissolved In dichioromethane and one equivalent of 
piperidlne Is added. When cleavage of the FMOC group Is complete, the volatiles 
are removed at reduced pressure. The resulting free amine is Immediately 
dissolved m acetonarile and one equivalent of aminolminomethane sulfonic add 
Is added. The desired guanldine compound Is coHected and dried. 
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EXAMPL£5 

Synthesis of 



C-N 



S 0 CH. 0 

II fl I II / \ 

H-N-C-HH-CH^-CH-CH,-CH-CHj-C-Sar-MH-CH-C-NH-( CHj) .C-N Q 

I I II \ / 

OH OH 0 



The title compound, 6-thioureido-4(S)-6(R)-dihydroxyhexanoykN-methylglycyl- 
^-morpholinamtde*aspartyl-4-aminobutanoyl morpholine amide (4) is prepared as 
5 follows. 

4-Aminobutanoic acid morpholine amide . BOC-gamma-aminobutyric acid (Bachem 
Biosciences) is dissolved in dry THF along with one equivalent of 
N-methylmorphoiine. The solution is cooled to •IS^'C and one equivalent of 
isobutyfchroroformate is added dropwise. Afler 10 minutes at -15*C, one 

10 equivalent of morpholine is added and the resulting slurry stinted overnight with 

warming to room temperature. The next morning, the reaction mixture is diluted 
with ethyl acetate, washed with aqueous citric acid, and washed with aqueous 
sodium bicarbonate. The organic solution is dried with sodium sulfate, filtered, and 
saturated with HCI gas. After one hour, the mixture is diluted with ether and the 

15 desired amine salt collected. 
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qOC-L-asDarfie add^fl-moroholino c arboxamide^ dicvdohexyl amida salt 
BOC-L-asparfic add (a-benzyl ester) (Advanced ChetnTedi) Is dissolved In THF 
with an equivalent of N-methylmorphoHne. The solution vws cooled to -IS* and 
one equivalent of Isobulyfchlorofonnat© is added. After 10 minutes at -IS*, one 
S equivalent of morphollne is added. The reaction mixture is stirred as it wanns to 

room temperature ovemight The reaction mixture is dfluted witti ettiyl acetate, 
washed with aqueous citric add. washed with aqueous sodium bicarbonate, dried, 
and filtered to give a dear solution. The organic solution is shaken with SO psi of 
hydrogen and palladium on carbon until the o^jenzyl ester is gone. The solution 
10 is filtered through a Celrte pad and one equivalent of dicydohexylamine is added. 

Ether Is added and the add salt predpitate collected. 

fi B.FoQw3fS\-hYrirnwlhaxanoiP- add methvl ester. The 3{R)-hydroxy-54iexanolc 
add ester which is prepared by baker's yeast reduction of the 3oxo compound 
as described by Bennett in Tetrahedron Letters, 1988, 29. 4865 is dissolved in 
15 metttylene chloride and allowed to react with one equivalent of meta- 

chloroperbenzoic add to give tiie desired epoxides, as a mixture of diastereomers. 

RAmtno-arro-S^hyrimwl hexnol r^ arid ethv ester 34- hiUvdimethylsHY ether. The 
epoxides from above are treated witii t-butyldimefliylsilyl chloride and Imidazole in 
DMF under the usual conditions. The cmde silyl etiier is dissolved in ettianol and 
20 treated with sodium azide and amonium chloride. After the epoxide has been 

consumed, the reaction mixture is shaken under SO psi of hydrogen in the 
presence of platinum oxide. The aude amine solution is filtered, diluted vntti ettiyl 
acetate, and washed writh aqueous bicarbonate solution. Drying and filtration gave 
the desired amine as a mixture of diasteromers. 
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2.2-Dimethvt-4fS1>benzyloxvcarbonvl aminomethvM .3-dioxan0-6fro-acetic add 
ethyl ester The crude amine from the previous step is converted to its 
benzyloxycarbonyl derivative with benzyloxychloroformate and sodium hydroxide 
in water at pH 10. Ethyl acetate extraction gives the crude benzyloxycarbonate 
5 which is treated with 2-methoxypropene and a mixture of anhydrous HP and l-ICL 

When i(6taiization is complete, the homogeneous aqueous solution is washed with 
aqueous bicarbonate solution, dried over sodium sulfate, and evaporated. The 
diasteromeric ketals are separated by chromatography to afford the desired 
compound. 

10 2^-DimethvMfSVthioureidomethvl-1. 3^ioxane-6(RVacetic add ethvl ester . The 

Cbz-protecting group is removed from the ester from above in the standard way 
with hydrogenatton using Pd/C in ethyl acetate. The liberated amine is reacted 
with silicon tetrathiocyanate as described by Nevile and McGee in Organic 
Synthesis, 1973, 5, 802. The amine and 25 mole percent of silicon tetrathiocyanate 

15 is heated at 75' in toluene until the amine is consumed. Hydrolysis with aqueous 

2-propanol, filtration, and evaporation of the filtrate gives a crude thiourea which 
is crystallized prior to the next step. 

2.2-DimethvMfSV-thioureidomethvM . 3-dioxane-6fm>aceticadd. The ester from the 
preceding step is saponified in aqueous ethanol with one equivalent of lithium 
20 hydroxide in the cold overnight. Careful addification to pH 5 with 1M HCI gives 

the titled free add. 



6-Thiouretdo-4-^S>-6(Rkiihvdroxvhexanovl-N-methvlQlvcvl-fl^^ 

4-aminobutanovl morpohoiine amide f4) . The derivatized aspartic add dicylohexyl 

amide from above is condensed with the 4*aminobutanoic add morpholine amide, 



wo 93/08823 



PCT/US91/06469 



•42- 



aiso above. Alter cleawage of the BOC group from the dipeptide, a second 
condensation wBh BOC-sarcosine (BAchem Biosciences) is effected. Removal of 
the BOC group ITom tWs tripeptWe is foBowed by condensation with 
2.a<Jimelhyi-4(SHhloureidomethyi-1>di0xane«(Rh^ above. 
Theprotectedtetrapeptideispurifiedbycolumnchromatogiaphyatihispolnt In 

the final reaction, the ketel protecting group is removed with aqueous methanol 
and HCI to afford the desired compound (4). 
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EXAMPLE6 

Synthesis of 



MH- 0 

II ^ II > 

HjN-C-NH-{CHj)^-C-N 

(O.L) 

(5) 



The title compound, 1-(5-guanidinytpentanoyO-4-(N,N-diethyl-D,L-vaiyi-D-j9- 
benzylaspartyQ-ptperazine (5) is prepared as follows. 

5 D.L-N.N-Dlethvlvaline . A mixture of the commercially available 

a-methyl-2'Oxo-butanoic add sodium salt and an excess of diethyiamine in water 
is stirred and cooled as one equivalent of sodium dithionite is added slowly. When 
the pyruvic acid has been consumed, the pH of the solution Is adjusted with 
concentrated HCI to the isoelectric point of the product and the reaction mixture 
10 diluted with an equal volume of alcohol. The amino add is collected the next 

morning after storage in the refrigerator. 



co.c 
I 

0 CHj 



\ w , 

M-C-CH-NH-C-CH-N(CH,CH3)- 
0 CH(CHi)2 
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pMQCJ)-AsDart?n arid ffl-benzvl ester). A solution of D-aspartc add (^-benzyl 
ester) {Bachem Biosciences) In aqueous sodium cartjonate solution Is cooled to 
O'C and diluted with a one4ialf volume of dioxane. A solution of one equivalent 
of Muorenylmethyl chlorofbnnate in one volume of dkwane Is added and the 
5 mixture sHrred overnight as it warnis to room temperature. The reaction mixture 

Is dButed with water and extracted with ether. lUe aqueous phase is acidified to 
pH 2 and repeatedly extracted with the ethyl acetate. The combined organic 
extracts are washed with water, dried over MgSO,. and evaporated to give an oil 
which solidifies upon standing. 

^0 FMnn-n-Asoartvi-f^-hpnTvi esteri^ i-/^ hirt^texvcarhnnvn-niPorazinYl mm The 

1-BOC derivative of piperazine is prepared as described by Carpino In J. Org. 
Chem., 1983, 48. 61 1 and condensed wfth ttie ester firom the preceding step using 
the DCC general procedure. The resulting amide is purBied by flash 
chromatography on silica geL 

15 ^.^niHin yippntanote add. A solution of 5-aminopentanoic add and one 

equivalent of potassium carbonate In water is stirred as one equivalent of 
aminolmino meUiane sulfonic add Is added in portions over 15 minutes. The 
resulting sluny is stirred at room temperature for 24 hours. The predpitate Is 
collected and dried to give ttie desired product 

20 i-(?US..antdlnvlDPntan«>il\.4-/N.NK i | ?« nYt-P ' ^M43-/>-hBn7Vlasn3rtVn-piper9?ing 

i51. The FMOC group Is removed from the above piperazinyl amide Intennediate 
witii piperidine and the resulting amine dried in vacuo. Condensation by the usual 
DCC method with the racemic N.N-dietiiylvafine from above gives a dipeptide as 
a mixture of diasteramers which are not purified. Removal of the BOG group from 
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the piperazine side followed by DCC coupling with the unprotected 
S-guanidinytpentanoic add, atx)ve, gives the desired tripeptide (5). 
Chromatography on a reversed phase C-4 medium pressure column gives the 
desired compound as a mixture of diastereomers. 
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EXAMPLE7 



Synthesis of 



0 0 



H,ll-y-MH-{CH,),-LUH-<CH,),-llll-C-CH-IIM-C-CH-HH-C-eM,.^^ 



II I 

(0) I 

CH, 



O-CM 
(0) 

(«) 

The depicted compound, 4-ureldobutylethylenediamfno -0-glutamyl(gamma-3,5- 
dlnitrobenzyl ester)-D-homoserinyl (benzyl)-phenylacetateamide (6) Is prepared as 
5 follows. 

A^JreidQbutvricAdd. This intennediate is prepared according to the procedure of 
V.E Marquez. JA Kelly and J.S. Driscoll. J. Org. Chem., 1980. 45, 5308. 



N'-BOC-ethvlenediamine. This compound is prepared according to the procedure 
of Callahan. J. Med, Chan.. 1989. 32. 341. 

M.BOC-D-Glutamic Acid fY-3.R^initrobanzvl ester). To N-BOC-D-GIu-e-t-butyl ester 
(Bachem) dissolved in DMF containing 2 equivalents of triethylamine, 
3,5^dinitrobenzyI chloride (Aldrich) is added slowly. After completion of the 
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reaction the sotverrt is removed in vacuo and the residue is dissolved in ethyl 
acetate. Three equivalents of 4 M HQ is added and after two hours one vohime 
of ether is added and the N* and Oterminal deprotected D-Glu(gamma^,5- 
dinitrobenyzl ester) collected. The N-terminal nitrogen is reprotected by stirring the 
5 D-GIu (gamma-3, Winitrcbenzyl ester) and 1 equivalent of dl-t-butyl-dicart)onate 

(Ruka) in 1 :1 dioxane:2N KOH at C'C overnight. The mixture is concentrated and 
extracted thrice with ethyl acetate. The pooled ethyl acetate layers are dried with 
sodium sulfate, filtered and concentrated. The desired compound named above 
is isolated following purification by column chromatography. 

10 BOC-D-Homoserine fBenzvn-OH . BOC-D-Asp(OB2l)OH (Bachem Biosciences) is 

dissolved in ethyl acetate and treated with diazomethane in ethyl ether to produce 
the methyl ester. After neutralization of excess diazomethane with acetic add. the 
material is subjected to medium pressure catalytic hydrogenation (Parr) with 5% 
Pd/C. The solution is filtered through a Celite mat and concentrated to dryness. 

15 The residue is then dissolved in dry THF and treated with one equivalent of 

Bht, - dimethyl sulfide complex (Aldrich) [C.F. Lane.Aldrichimica Acta, 1975, 8, 20]. 
On completion of the side chain carboxyl reduction the mixture is diluted vwth ethyl 
acetate. The solution is washed in order with 5% citric add, 10% sodium 
bicarbonate and water, dried and concentrated to dryness. The BOC-homoserine 

20 methyl ester is dissolved in DMF and treated first with one equivalent of sodium 

hydride, and then benzyl bromide (Aldrich). On completion of the reaction, water 
Is added to the reaction mixture and the entire mixture evaporated to dryness. The 
residue is taken up in wet methanol and treated with threefold excess lithium 
hydroxide until the methyl ester hydrolysis is complete. The product is purified by 

25 column chromatography to give the title compound. 
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10 



15 



20 



A.I irflidQbutvl-ftthyiftnediamln o -fVniutamvlfQamma-a.SKlinitrohBnTYl e$ter)-P- 
f.omncprinvi tean7 Yi)-r>T'"V'^'^*^^"""« The 4Hireidobutyric add and one 
equivalent of N'-BO(>ethylenedlamine from above are condensed with the general 
DCC coupling procedure described above. The product is deprotected with 4 N 
Ha in ethyl acetate for 2 hours and neutralized with DIEA. The product is 
deprotected as usual and coupled with N-BOCM>Glu (gamma.3. S^initrobenzyl 
ester), above, using the general DCC method. The product is deprotected and 
coupled to BOC^WiomoSer(B2l). above, in an analogous way. This product is 
deprotected. neutralized, and coupled to the symmetric anhydride of phenylacetic 
add (Aldridi). The final purification by reversed phase HPLC and lyophifizalion 
affords the desired compound. (6). 



« * * * 



Purification of the compounds of the invention may be adfeved using methods 
known in the art. induding reversed phase HPLC size exdusion diromatography. 
partition chromatoqraphy on polysacdiaride gel media sudi as Sephadex G10 or 
G25. or counter current distribution. One potentially important aspect in final 
purification is the removal of fluoride, which if present in even small amounts may 
alter the biological profile of the compound. Generally, ion exdiange 
chromatoqraphy. using AG.-4X acetate fbr example, to exdiange tiie fluoride salt, 
may be used. The subject compound is dissolved in water and passed over an 
acetale-fomi resin. The eluate is collected, and lyophillzed to dryness. 

Salts of carboxyl groups of the product compounds may be prepared in the usual 
manner by contacting the compound with one or more equivalents of a desired 
base sudi as. for example, a metallic hydroxide base sud) as. for example, sodium 



wo 93/08823 



PCr/US91/06469 



-49- 



hydroxide; a metal cartxanate or bicarbonate base such as, for example, sodium 
carbonate or sodium bicarbonate; or an amine base such as» for example, 
triethylamine, triethanolamine, and the like. In alt such procedures and in other 
synthetic procedures provided herein, the pH should be kept below approximately 
5 8 in order to avoid complications such as racemization, deamidation, degradation 

or other undesirable side reactions. 

Acid salts of the compounds may be prepared by contacting the compound with 
one or more equivalents of the desired inorganic or organic add, such as, for 
example, hydrochloric add, acetic add or dtric add. 

10 Esters or amides of carboxyl groups of the compounds may be prepared by any 

of the usual means known in the art for converting a cari30xylic add or precursor 
to an ester or amkie. 

* * • * 



Therapeutic Utilitv 

15 In the practice of the therapeutic methods of the present invention, an effective 

amount of the active compound, induding derivatives or salts thereof, or a 
pharmaceutical composition containing the same, as descrit)ed below, is 
adminiatered via any of the usual and acceptable methods known in the art. either 
singly or in combination with another compound or compounds of the present 

20 invention or other phamnaceutical agents such as immunosuppressants. 

antihistamines, corticosteroids, and the like. These compounds or compositions 
can thus be administered orally, subiingually, topically (e.g., on the skin or in the 
eyes), parenterally (e.g., intramusculariy, intravenously, subcutaneously or 
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intradermally). or by inhalation, and in the fonu of either solid, Hquld or gaseous 
dosage including tablets, suspensions, and aerosols, as Is discussed in more 
detail below. The administration can be conducted in single untt dosage form with 
confinuous therapy or in single dose therapy ad libitum. 

5 Useful pharmaceutical carriers fbr the preparation of the phannaceutical 

compositions hereof can be soHds. Hqulds or gases: thus, the compositions can 
take the form of tablets, pills, capsules, powders, enterically coated or other 
protected formulations (such as by binding on ion exchange resins or other 
carriers, or packaging In lipid protein vesicles or adding additional terminal amino 

10 adds), sustained release fwmulatfons, solutkjns (e.g.. ophthalmic drops). 

suspensions. eBxire. aerosols, and the like. Water, saline, aqueous dextrose, and 
glycols are preferred liquW carriers, paitlculariy (when Isotonic) for Injectable 
solutions. The earner can be selected from various oils Including those of 
petroleum, animal, vegetable or synthetic origin, fbr example, peanut oil, soybean 

15 oil, mineral oil. sesame oil. and the like. Suitable phamiaceuttoal exclpients include 

starch, cellulose, talc, glucose, lactose, sucrose, gelatin, matt, rice, flour, chalk, 
silica gel. magnesium stearate, sodium stearate. glycerol monostearate. sodium 
chloride, dried skim milk, glycerol, propylene glycol, water, ethanol. and the like. 
The compositions may be subjected to conventional pharmaceutical expedients 

20 such as sterilization and may contain conventional phamiaceutical additives such 

as presenratives. stabilizing agents, wetting or emulsifying agents, salts for 
adjusting osmotic pressure, buffers, and the like. Suitable phannaceutical carriers 
and their fomiulatlons are described in Martin. Remington's Pharmaceutical 
Sciences, 15th Ed. (Mack Publishing Co., Easton 1975) (see. e.g.. pp. 1405-1412. 

25 1 461 -1487). Such compositions wfll. In general, contain an effective amount of the 
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iactive compound together with a suitable amount of carrier so as to prepare the 
proper dosage fonn for proper administration to the host 

In one preferred embodiment, the therapeutic methods of the present invention are 
practiced when the relief of symptoms is specifically required or perhaps imminent; 
5 in another preferred embodiment, the method hereof is effectively practiced as 

continuous or prophylactic treatment 

In the practice of the therapeutic methods of the invention, the particular dosage 
of pharmaceuticai composition to be administered to the subject will depend on 
a variety of considerations including the nature of the disease, the severity thereof. 

10 the schedule of administration, the age and physical characteristics of the subject, 

and so forth. Proper dosages may be established using clinical approaches 
familiar to the medlctnai arts. It is presently believed that dosages in the range of 
0.1 to 100 mg of compound per kilogram of subject body weight will be useful, 
and a range of 1 to 100 mg per kg generally preferred, where administration is by 

1 5 injection or ingestion. Topical dosages may utilize fomiuiations containing generally 

as low as 0,1 mg of compound per ml of liquid carrier or excipient, with multiple 
daily applications being appropriate. 

The compounds and therapeutic or pharmaceutical compositions of the invention 
are useful in the study or treatment of diseases or other conditions which are 
20 mediated by the binding of integrin receptors to ligands, including conditions 

involving inappropriate (i.e., excessive or insufficient) binding of cells to natural or 
other ligands. Such diseases and conditions include inflammatory diseases such 
as rheumatoid arthritis, asthma, allergy conditions, adult respiratory distress 
syndrome, inflammatory bowel diseases {e.g., ulcerative colitis and regional 
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enteritis) and opthaltnic inflammatory diseases; autoimmune diseases; thrombosis 
or inappropriate plateiet aggregation conditions: reocdusion fbilowing 
thrombolysis; cardiovascular disease; neoplastic disease Including metastasis 
condiHons; as well as conditions wherein increased cell binding is desired, as in 
wound heafing or prosthetic implantation situations as discussed in more detail 
above. Bcamples of "excessiva- binding of cells to ligands include conditions, 
such as metastasis, where partlcuiar ceO binding is inappropriate to the health of 
the subject and is sought to be eOminated to the maximum extent possible. 

In addition, derivatives of the present compounds may be useful in the generation 
ofantigenswhich.intum.maybeusefultogenerateantibodies. These antibodies 
will, in some cases, themselves be effective in inhibiting cell adhesion or 
modulating immune activity by acting as receptors fbr matrix proteins or other ceO 
adhesion ligands. or. if antiidiotypic, by acting to block cellular receptors. 
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EXAMPLE8 
Cell Adtrasion Inhibition Assay 

V\B following assay established the activity of the present compounds in inhibiting 
cell adhesion In a representative in vitro system. The assay was a competition 
assay in which both fibronectin and a test compound were present Microtiter 
plates were first precoated with fibronectin. The test compound was then added 
in increasing concentrations with cells known to contain the fibronectin receptor. 
The plates were then washed and stained for quantitation of attached cells. The 
present assay directly demonstrates the anti-cell adhesion activity and modulatory 
activity of the present compounds. For example, by immobilizing the compound 
on a surface, one could adhere appropriate ceils to that surface. Other cell 
adhesion modulation activity, and utilities pertinent thereto, will be apparent to 
those skilled in the art 

The cell line U937 was purchased from American Type Tissue Culture Collection. 
15 The cells were cultured in RPMI media (J.R. Scientific Company, Woodland Hills. 

California 95695) containing 10% fetal catf serum. Fibronectin was purified from 
human plasma according to the procedure of Engvall. E. and Ruoslahti. E, Int J. 
Cancer 1977, 20, 1-4. 

Microtiter plates (96^ell, Falcon) were coated overnight at 4«C with 5 ^g/tnl 
20 fibronectin (FN) (for a total volume of 0.1 ml) or, as a control. 5 pg/ml bovine 

semm albumin (BSA) diluted in phosphate buffered saline (PBS, 0.01 M NaPO^ in 
0.9% NaCI at pH 7.2 to 7.4). Unbound proteins were removed from plates by 
washing with PBS. The plates were then coated With 100 ^1 of PBS containing 
2.5 mg/ml BSA for one hour at 37* C. This procedure is a modification of a 



5 



10 
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previously published method, Cardarelll. P.M. and M.D. Pierschbacher. PNAS^SA, 
1986, 83, 2647-2651. The containment in the wells of functional amounts of 
immobliized protein has been confiimed by independent assay of fibroblast 
attachment and EUSA (Ehgvall. Methods EmymoL, 1980.70, 41&439). although 
5 the actual amount of protein bound to the plate in these assays was not 

determinecL 

A U937 culture was collected and washed two times with Hanks Balanced Salt 
Solution. The cells were counted and adjusted to 1.5 x 10» cells per ml in 
Dulbecco's Modified Eagles Medium PMEM) plus BSA (2.5 mg/ml) for ceB 

10 attachment assay. Subject compounds were then dissolved in DMEM and BSA, 

and the pH was adjusted to 7.4 with 7.5% sodium bicarbonate. The compounds 
(100 Ml) were added to FN-coated wells, at 1.5, 0.75, 0.375, 0.188, 0.094, a047, 
0.023, 0.012, 0.006 and 0.003 mg/ml final concentration and U937 cells (100 /»1) 
were added per well. The plates were then incubated at 37'C for 60 minutes. 

1 5 Following this incubaf on. the plates were washed once with PBS. Attached cells 

were fixed with 3% paraformaldehyde in PBS and stained with 0.5% toluidine blue 
In a7% fonnaldehyde. The ceils were stained overnight at room temperature and 
the optical density at 590 nm of toMdine blu^stained cells was determined using 
a vertical pathway spectrophotometer to quantitate attachment (VMAX Kinetic 

20 Microplate Reader, Molecular Devices, Menio Park, Canfomia 94025). 
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Results. Tha table below shows the results of the cell adhesion inhibition assay 
for representative compounds of the invention. Potency is expressed in units. 
The accompanying figure Is a diagram representing the curve of cell adhesion 
inhibition for the compound 
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AcnvrrY of compounds in the usaz 

RBRONECTIN ADHESION ASSAY 



Peptide I<^ot tftf 




345 



NH 0 

II 0 

H^-C-NH- (C^) 3-C-Gly-Asp-S«r 
NH 0 

II a 

^-C-NH- (C^) 5-C-^ly-Asp-Scr 



2400 



2500 
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In addition, the compounds 

NH 0 

II 11 
H2N-C-NI+(CH2)2-C-Giy-Asp-Ser and 

NH 0 
li II 
H2N-C-NH-(CH2)4-C-Gly-Asp-Ser 



were also synthesized and tested in the cell adhesion inhibition assay described 
above. Specific activity levels were not established inasrruch as the of the 
compounds was determined to be in excess of 1.5 mg/m* Thus, although such 
compounds are believed to be active as cell adhesion modulators at higher 
10 dosage levels, they are presently not as highly preferred as the compounds 

exemplified above. 



The foregoing examples are given to enable those skilled in the art to more fully 
understand and practice the present invention. They should not be construed as 
a limitation upon the scope of the invention, which Is set forth in the appended 
15 claimg, but merely as being illustrative and representative thereof. 
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CLAIMS 

1. A compound of the formula 



0=CR^ 

X O 
H2N-C-NH-Y-C-(Z-)NH-CH-C.R2 

0 



and phamiaceutically acceptable salts thereat, wherein 
X is selected from NR, S and O; 

Y is an unsubstituled or substituted, linear or branched linking moiety 
selected from saturated and unsaturated hydrocarbon groups 
10 contsrfning from 1 to about 15 linking atoms, 

Z is optional and, where present, is selected from Qly, Ala, Sar and 

p-Ma; 

R' and R* are independently substiluents selected from -OR (including 
hydroxyl), -NR^ (including -NH, and -NHR), -NHNH^ and -SR, and 
15 where one of R'and R* may additionally be selected from 



_Ser-R3. Thr-R'. ^Val-R*. Ala-R'. Leu-R*. lle-R , 

(OR^) (OR^) 

(CH^t-OR^ 

.N,e.R3 , NH-CH-CR' . NH - (CHg)^ - OR^ 

O 

and 

O 

II 

NH-(CH,)„-C-R' 
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wherein is a substituent selected from -OR 

(Including hydroxyl), -NR2 (Including -NH^ and -NHR), 

-NHNH, and -SR, and 
R* is a substituent selected from groups of the form -R and acyl 

groups -COR; 

n and (where present) m are Independently 1, 2 or 3; and wherein 
each R group is individually a pharmaceutically suitable substituent 
group selected from hydrogen, from linear and branched, 
unsubstituted and substituted C^-Cq lower alky Is, C2-Cg alkenyls, Cg- 
Cq alkynyls. Cg-C^^ aryls. C^-C,^ alkaryls, C^-C,^ aralkyls and Cg-C,^ 
cycloalkyls, from heteroatomic groups and, in the case of -NR^. from 
cyclized groups forming (in attachment with the nitrogen atom) a 5-8 
membered heterocyclic ring optionally containing oxygen, nitrogen 
or sulfur as a further ring heteroatom. 

The compound of claim 1 wherein X Is HN, 

The compound of claim 1 wherein each R group is independently selected 
from hydrogen and from unsubstituted and substituted lower alkyi and 
single-ring aryl hydrocarbon moieties. 

The compound of claim 3 wherein each R group is independently selected 
from unsubstituted and substituted single-ring aryl hydrocarbon moieties. 
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5. The compound of dalm 1 wherein one or more R group is selected from 
heterocyclic groups. 

6. The compound of claim t wherein one of R' and Ff Is selected from 



^er-R^, Thr-R'. ^Val-R*. ^Ala-R'. Leu-R*. lle-R^ 

(OR") (OR') 

TO„-OR* 

^^,e.R3 , NH-cIh-CR' . NH - (CHgL - OR" 

O 



and 

O 

NH-(CH2)„-C-R' 

10 7. The compound of claim 6 wherein each R group Is Independently selected 

from hydrogen and from unsubstRuted and substituted lower alkyi and 
single-ring aryl hydrocarbon moieties. 

8. The compound of claim 6 wherein at least one R group Is independently 
selected from unsubstituted and substituted single-ring aryl hydrocarbon 
moieties. 

9. The compound of claim 6 wherein r' and R* are of the form -OR. 
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1 0. The compound of claim 9 wherein each R group Is independently selected 
from hydrogen and from unsubstltuted and substituted lower alkyi and 
single-ring aryl hydrocart>on moieties. 

11. The compaund of daim 9 wherein each R group in R^ and, if present, R^ 
is independently selected from unsubstltuted and substituted single-ring aryl 
hydrocarbon moieties. 

12. The compound of claim 1 wherein Y is a hydrocarbon chain from 1 to 
about 8 Uniting atoms. 

13. The compound of claim 6 wherein Y is a hydrocarbon chain from 1 to 
about B linking atoms. 

14. The compound of claim 1 wherein the total number of linking atoms L^^^ is 
from about 9 to at>out 12. 

15. A compound of claim 1 selected from the group consisting of 



0 
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NH 0 
HjM-C-HH-(CHj),-C-Ajp-S»r 





MH 0 

II 11 
HjM-C-HH-(CHj)s-C-C«y-*«P-S»r 



and pharmaceutically acceptable salts ttiereof, where r is an Integer of from 
1 to alwul 6 and s Is an Integer of from 1 to about 5. 
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le. A compound of daim 14 selected from the group consisting of 



'-0 

II II n /".nf 7 





NH O 

n II 

HjN-C-NH- (CHj) j-c-Gly-Asp-Ser 

MH O 

II II 
HjN-C-NH- (CHj) j-C-Gly-Asp-Sar 

and ptiarmaceutically acceptable salts titereof. 

17. A compound of the formula 

0=CR' 
I 

X O (CH,). 

II II I ^ " . 

HjN - C - NH - Y - ( Z'- ) C - CH - NRR* 

and pharmaceuticaliy acceptable salts thereof, wherein 
X is selected from NR, S and O; 
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Y Is an unsubstltuted or substituted, linear or branched Ibiking moiety 
selected from saturated and unsaturated ■ hydrocarbon groups 
containing from 1 to about 15 linking atoms 
^0 R' Is a substltuent selected from -OR (Including hydroj^O. -NRi 

(including -NH, and -NHR). -NHNHj and -SR; 

R» is selected from -R, acyl groups -COR, alkyloxycarbonyl groups of 

the form -C-OR, 
II 
0 



•15 and from groups of the form 



H 



O 

B H 



:_C.NRr' , — C-C-NRR' 

' L 

CH-CHj 
I 

CHj 



,6 




-NRR' 



0 ? 
,6 ^ __c.c-HRR* , —C-C-MRR* 



CHjCHj (CH,) J CH-CHj (CH,) jCH, 

CHjCHj 



0 (CH2),-0R' 

-C— C-HRR* » ' 6 ^ 

I , — c-CH-MRR* , and 

CH-OR* 
I 

CHj 



O 

— C-CCHj), - OR* 
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wherein and R° are substituents Independently selected from groups of 
the form -R and acyl groups -COR, and ff may additionally be selected 
from aikoxycarbonyl groups of the form -C-OR; Z' is a linking moiety 

0 

selected from those of the form 

o R 

il I 

— C-NR-(CH2)p-CH"(CH2)^-NR— , — NR— 




MR 



0 K 
-C-(CH,)^-CH-(CH,),-M» — 



0 

ll 



0 Y' 
)^HM— aid -MmJc.(CH, V(CH,),MH — 




2 



wherein 

comprises carbon or an O, S or N heteroatom; 

is an optional substituent selected from hydroxy!, amino, lower (C,-Ce ) 
alkoxyl and alkyl, nitro and halogen moieties; 
p and q are independently Integers of from 0 to about 5; 
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n and (where present) m are Independently 1, 2 or 3; and wherein each R 
group Is Individually a phannaceutlcally suitable substHuent group selected 
from hydrogen, from linear and branched, unsubstituted and substituted 
C,-C, lower alkyls. C^-Ce atkenyls, C^-C, alkynyls. C^-C^aryls, C,-C,, alkaryls, 
30 C,-Cu aralkyls and C^-Cu cycloalkyls» from heteroatomic groups and. In 

the case of -NR^ from cyclized groups forming (in attachment with the 
nitrogen atom) a 5-8 membered heterocyclic ring optionally containing 
oxygen, nitrogen or sulfur as a further ring heteroatom. 

18. The compound of claim 17 wherein X is HN. 

1 a The compound of claim 1 7 wherein each R group Is independently selected 
from hydrogen and from unsubstituted and substituted lower alkyi and 
single-ring aryl hydrocarbon moieties. 

20. The compound of claim 1 9 wherein each R group is independently selected 
from unsubstituted and substituted single-ring aryl hydrocarbon moieties. 

21. The compound of daim 17 wherein one or more R group is selected from 
heterocyclic groups. 
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22. The compound of dalm 17 wherein Is selected from groups of the form 



o 



o 



— C— C-MRR* . — C-C-MRR' 

I I 
CH-CH, CH, 

I 

CH3 

o 0 9 

C-NRR* , — C-C-NRR* , — C-C-NRR* 

I I I 

CHjCHjCCHj), CH-CH, (CHj)3CHj 

CHjCHj 



O (CH2)„-0R* 

-c— c-nrr' B • , 

I , — C-CH-NRR* , and 

CH-OR* 

I 

CH] 



— c-(CH2), - OR* 

23. The compound of claim 22 wherein each R group is independently selected 
from hydrogen and from unsubstituted and substituted tower all<yl and 
single-ring aryl hydrocarbon moieties. 

24. The compound of daim 22 wherein at least one R group is independently 
selected from unsubstituted and substituted single-ring aryl hydrocarbon 
moieties. 
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26. 



27. 



28. 



29. 



30. 



The compound of dabn 22 wherein R* end era of the fonn -OR or. In 
the cage of R", of the fonn -C-OR* 

0 

TTie compound of dalm 25 wrfierein each R group is Independently selected 
from hydrogen and from unsubstltuted and substituted lower alkyi and 
single^rlng aryi hydrocarbon moieties. 

The compound of dalm 25 wherein each R group In R* and, If present, R* 
Is Independently selected from unsubstltuted and substituted single-ring aryl 
hydrocarbon moieties . 

The compound of dabn 17 wherein Y Is a hydrocarbon Uniting moiety of 
from 1 to about 8 nnkbig atoms. 

The compound of dalm 22 wherein Y Is a hydrocarbon chain of from 1 to 
about 8 linking atoms. 

The compound of dalm 17 wherein ttie total number of linking atoms L** 
is from about 9 to about 12. 

A compound of dalm 17 selected from the group consisting of: 




0 



0 /"'"a /-^-'-O 
II 1 III 
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NH 
II 



COjH OH 



HjM-C-l4H-( CM J ) ^-MH-C-CH-MM-C-CH-MH, 




,CO,M 0-CH,-<v /) 

II II II f II I 

M,H-C-MH-( CM, ),-MM-C-CH,-MM-C-CM-NM-C-CH-MM-CO,-CM,-\vy/ 



NH 




O 
II 



0-CM 



n \\ ( /=\ 



0 
II 



H,M-C-MH-(CH,),-C-MH-CM,.MH-C-CH-MH-C-CH-MH 
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and pharmaceutlcally acceptable salts thereof, where r Is an Integer of from 
1 to about 8 and s Is an integer of from 1 to about 5. 

32. A compound of dalm 1 useful In modulaUng adhesion of a cell expressing 
a fibronectin receptor. 

33. A compound of claim 1 7 useful In modulating adhesion of a cell expressing 
a fibronectin receptor. 

34. A method of modulating ceB adhesion comprising administering, in a 
system including cells expressing a receptor protein, an amount eflective 
to modulate the adhesion of said cells of a compound of claim t. 

35. The method of claim 34 wwherein said cells express an integrin receptor. 

36. The method of claim 34 wherein said cells express a receptor for 
fibronectin. 

37. The method of claim 34 wherein said system Is a mammalian system 
characterized by an excessive or Inadequate level of cell adhesion. 

38. A method of treating a mammalian condition comprising administering a 
therapeutically effective amount of a compound of claim 1. wherein said 
condition Is selected from rheumatoid arthritis, asthma, allergy conditions, 
adult respiratory distress syndrome, Inflammatory bowel diseases, 
ophthalmic inflammatory diseases, autoimmune diseases, thrombosis, 
platelet aggregation conditions, reocdusion following thrombolysis, 
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cardlovascular diseases, neoplastic diseases, wound healing conditions, 
and prosthetic implantation conditions. 

39. A method of modulating cell adhesion comprising administering, in a 
system including cellg expressing a receptor protein, an amount effective 
to modulate the adhesion of said cells of a compound of claim 17. 

40. The method of claim 39 wherein said cells express an Integrin receptor. 

41. The method of claim 39 wherein said cells express a receptor for 
fibronectin. 

42. The method of claim 39 wherein said system is a mammalian system 
characterized by an excessive or Inadequate level of cell adhesion. 

43. A method of treating a mammalian condition comprising administering a 
therapeutically effective amount of a compound of claim 17, wherein said 
condition is selected from rheumatoid arthritis, asthma, allergy conditions, 
aduK respiratory distress syndrome, Inflammatory bowel diseases, 
ophthalmic Inflammatory diseases, autoimmune diseases, thrombosis, 
platelet aggregation conditions, reocclusion following thrombolysis, 
cardiovascular diseases, neoplastic diseases, wound healing conditions, 
and prosthetic Implantation conditions. 

44. A pharmaceutical composition comprising a compound of claim 1. 

45. A pharmaceutical composition comprising a compound of claim 17. 
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